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ABSTRACT

Iﬁ high~-rise flét-slab structures, the fréshly
cast floor is supported,by shores, which are themsélves
supported on several previously cast iloors. Thé accumu;ated
load of the freshly placed and partially cur ed slabs applied
by the shores on a lower slab‘may.bellarger than the load for
which that flooxr was designed to carry when it had developed
ijts full strength. Additionally.at such an early age the con-
crete slab has not»attaiﬁed its full design'strength. The
problem is particularly troublesome in multi-storey flat-slab
structures, which are designed for 2 relatively light live load.

Measurements were taken of the constrtcﬁiqn loads’
in shores and reshores omn two typical high-rise flat-slab I
strvctures and the loads applied to the slabs were.calculated.
The simplified method of analysis, devised by Grundﬁiand
Kabzila was used to predict the loads on the slabs of these
two bgildings. The agreement between the.predicted ang
measured construction loads is éood - within 15%.

Using the verified theory the shoring require-
nents for flai—slab structures are presented for both
portland, cement and high early strength cement Eoncrefes for
verious ambient temperatures at diffe;ent rates of constructioﬁ.
Additionally, the reduced shoring requirements for a2 high-y

refined shoring stripping procedure are also given.
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CHAPTER 1

INTRODUCTION

The design of é structure presents a two—foid
problem. In the first instance, a structure has to be
designed so that it is strong enough and stiff enbugh to
perfqrm its desired function effectively during its service

1ife.. But in.addition, a successful structural design

" must also consider the safety of the structure during its

construction, namely formwork, scaffold aﬁd p£ops, efc.,
to resist the construction loads imposed upon these items -
and the structure itéelf. These should be éonsidered as
carefully as the servicé loads in the design of the

structure.

In olden days buildings were not as high asvtoday,
and normally the formwork was built in place, used once énd
scrapped. But todays structures .and theirlformworks‘ére not
the same. The design manuél "Formwork of Conci'et:e"(5 ) étateé
that the forﬁwork cost may raange from 35 to 6d percent of the
cost of concrete structure. Since formwork is an appfeciab;e
proportion of the cost of the concrete building, the former
practice of single use forms cannot be adopted. To aminimize

the high cost of formwork, continuous reuse of the forms is




very essential, which leadsto the increasing trends of pre-
fabrication assembly and grection by mechanical means.

In addition, to meke earlier use of -the structure,
the aim of the (developer) contractor is to complete the con-
siruction of the structure as early as possible. But éafety
should not be sacrificed to meet this requirement. It is seen
that premature.removal of forms and shores, or improper and 
careless ﬁractices in reshoring have caﬁsed numerous failures -
or defects such as sagging or cracking in complete structufe,
throughout the history of concrete construection. Inadequate
size or spacing of reshores may bring the denger of collapse
during constrﬁction. 0f course when s buildihg collapses
during coanstruetion, it is easy fo_blaﬁe the formwork, since

it and much of the other evidence are covered by wreckage.

Such an explanation sometimes conveniently masks the real cause

of trouble, but formwork has truely been at fault in many cases

iy
i n!.
i
&
1

of failure.'(Appéndix 1)

Appen&ix 1 summarizes scme of the construction failures
in Cepada and the United States of America, during the past
eight years. These failures were caused partially, if not
fully, due to careless practices of shoring and reshoring.

From = which it is evident that the ma2in causes of form-

work failure are:

1. Inadequats bracing and high DOstS without




3; .Insufficient'falsewofk gﬁpport .

4. Low strengtp of concréte kﬁormﬁlly during cold
weather) - which causes unexpected high loadings at tﬁe shores
or reshores.

5. Poor bearing capacity of the soil beneath the
lower level of supports which causesthe formwork to settle =
with comsequent collapse of the slab. |

The formwork failures, cited in Appendix 1 r;fer oniy
to the instances of structure collapse, usually with death as
a result, and not to the vastly greater numbef of occasions
when some féature of formwork.or its use has caused damage in
the building less than collapse. Due to the large number of
"formwork" failures the actual loads on fofmwork shoriﬁg
systems need.to be determined before new procedures or
shoring system can be accepted.

In the present age of fast construction of high rise

buildings, the freshly casted floor is supported by'shores,

which in turn are supported on several previously casted floors. .

The construction load in theseé supporting floors may appre-
ciably exceed the design loaés. The problem is particulérly
troublesome in multi-storey flat-slab structures, which are
designed for a relatively light live load. The accumulétgd
joad of the slabs freshly placed and partially pured together

with the construction live load may be larger than the load

for which a floor is designed to carry when it has developed

<=
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A
its full sfrengtﬁ} Usﬁally only-parf of:that'strength is
deveiOped wh;n constrﬁctign of the next storey bégins.‘

Hence it was desired to derive a shoring and re-
shoring system and construction sequence such that the
loads on any slab are less than some desired function of the
"design" laad of that slab, taking an account of_theaage of
that slab; which involves knowledge of;the.
following: ) | .

1. Knowledge of the gain of concrete strength and
stiffness with the age of the slab. |

2. Good approrimation of the load analysis on
different members of the partially completed building. It
should be borne in mind that the distribution of the moments
in the slabs due to concentrated 1oads transferred throuch uhe
shores or reshores will be different from the assumed design
distribution.

3. The redistribution of the légds @uring the pro-
cess of reshoring will depend to a greater extent on the
tightening of the reshores, and this tlghtenlng factor is
difficult to evaluate exactly. Over-tightening of the reshores
will definitely increase the load on the-lovest floor in the
sequence, so it is advisable to give some 'factor of safety'
in the design against this fact of manual tightening or re-

shoring.

B T L S R e
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The object of this iﬁvestigation was to deter-
mire the actual load ratios applied to the slabs and
shores~reshores during c;nstruction and to compare these
with the theoretical ones and‘subsequently to determine a
shoring‘schedule'in practice for different rates of con-
struvction, typés of cements and ambient temperatures. It
was assumed fhat thé‘structufai defailing sf the fafmworﬁ‘
itself is easf'once the 16ads in the formwork éré.known;
Hence this thesis is céncerned only with the.loads‘a¢ting

on the formwork, shores and the slabs.

Thus the loads carried by the éhores and reshores
during constrﬁqtion of the two high-rise flat-slab

buildings - one twenty-two floor apartment building a:

lta Vista Drive, Ottawa and the other twenty-six stories
"place Du Portage” in Hull, Quebec were measured. Load

messurements on shores-reshores were tzken over a cemplete

coustruction cycle namely seven floors (7th flocr sladb to

Az
P
=l
Hh
[
o
o
H

13:il £loor siab) on the first burilding and from 1

3

on the second structure.

3¢

elab to the 22Ind. floor siz

B
i
i
-A

B . P
SINCORCRUTNG'S XIS

N L)

»
v
-
-
.
b4
N
;




CHAPTER 2

HISTORICAL REVIEW

Faster progress schedules in the construction of
highrise concrete buildings require a careful design of the
_formwork. The necessity of good formwork design and éontrol
of the cqnstruction cycle was noted by Mr. Emrik Linéman, a
Swedish engineer in 1930. 1In 1949 a preliminary repoftl
entitled an "Investigation of Load Distribution between Re-
inforced Coﬁcreté Floor Slab and Their Formwork" was'written‘
by Knud E.C. Nielsen and was published in Bulletin No. 19 of
‘the Swedish Cement 2nd Concrete Research Institute. Nielsen's(54)
final report was published in the year 1952, in which he pre-
sented a detailed analysis of the interaction bgtween formwork
and floor siabs under loads, applied to the system by pl;cing
fresh slabs and by removing props from beneath the lowest slab
in the system as shown in Figure 1. |

The analysis is confined to a rectangular sPab sub-
jected to any arbitrary boundary conditions. The characteris-
tic functions and characteristic values of the slabs are
assumed to be wxnown. The maximum load ratio* ?btained by Nielsen
on a slab was 2.66 on slab No. 2 at stage 7 (see Figure 2). The
calculations involved in his analysis are lengthy and can not

be applied readily to individual cases.. The derivations of his

method of calculations is shown in Appendix 2

“The loads carried by shores, reshores and slabs are expressed
as a factor by which, the self weight of the slab plus form-
work, must be multiplied to give the construction load. This
factor is referred to as the "load factor.”
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are

In 1963 Grundy and Xebaila(*") developed a 's.:‘._mplifq_’.ed'
method to determine the loads imposed on the forﬁwork.and on

the individual slabs in an§ system of forms - shores and slabs.
The'@ost significant difference between their #pproach and

that of Nielsen is the assumption that the rigidity of the

props may be regarded as infinite by comparison with fhat of

the slabs. This enables loads impésed on the system, either by
casting of new slabé or by removal of the props, to :ﬁe dis~
_tributed between the slabs in direct proportion to their
flexural stiffness, which in a floor of eqqal dimensions results’

in 2 distribution'accor&ing to the modulus of elasticity of

the concrete (Ec) at the time that the loads are applied.

IvonEpaLY .

NS AN _LCR
-3 R

In a typical multi-storey comstruction, normally’ the

following two alternating operations which control the loads

[ORDE U 3 Wt

w2 Aaray

=y

being applied to the slabs.

1. Placing a fresh slab, usually rising at the rate
of 1 or 2 floors a week, and |

2. Removing the lowest level of shores, wh2n the
youngest floor has the age of 1 to'S days (i.e. N =1 to 5
days), where N is the time between placing of a fresh slabl
and the removal of the props from above the lowest slﬁb in
the systen.

In the analysis presented by Grundy and Kabaila,
zero time is reckoned at the pouring of the footings. The rate

of construction is assumed as one floor 2 week with ¥ = 5 days.

As shown in Figure 3, the first, second and third floors are
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cast at the time of T days, 1L days and 21 days resPectlvely
(operatlon l), after the foundatlon is poured. The numbers .
shown in the figure are the load ratios (a facter by which the

self veighi plus formwork nust be multiplied) carried by the

slabs or shores at different stages. As three levels of shores-

are employed, so the lowe;t level of shores (one toﬁching the
ground floor) would be removed to the third floor at‘the_time
of 26 days (operation 2). When the props are removed, the
three floors undergo the same deflection and the total weight
of the three floors will be distributed between them in pro-
portion to their relative stiffnesses. |

As stated before, the flexural stiffness'of an
uncracked section is assumed to be directly proportional to.
the modulus' of elasticity (Ec) of the concrete. A typical
development of Ec éhd concrete crushing strength (fé) in term§
of 28 dafs strength is shown in Figure 5, which clearly
indicates that the rate of development of.Ec with time is
faster than that of fé, and after the first few day;, gc‘is
effectively constant with time. Grundy éﬁd Kabaila in thgir
-ahalysis (see Figure 6) have shown that the load ratios
obtained with constant Ec and variable Ec are very
close, and hence the error introduced by the as;umption that
the relative stiffness of the floors are equal ;s not

appreciable.

As shown in Figure 3 until the ground shores are

removed. 211 the loads are transmit tted through the shores to
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the rigid foundation. At 26 deys, the shores at the ground

g ath

Ay

level are removed and the shore force (3.00) is distributed:

equally between the slabs at.levels 1, 2 éhd 3. At 28 days
when a new'sla£ at level four is cast; ifs weight (1.00) is
| disfributed equally between the slabs at level 1, 2‘and 3.
Now at 33 days when the shores at level i a?e removed, its
force (0.33) is distributed equally between slebs at levels
2, 3 and 4 and so on. It is observed that the meximum load
retio obtained is 2.36 on sleb of age 21 days at level. 3, against R
the value 2.66 obtained by Nielsen (see-Figures_Z'ana 6) at a {%
slab age of 21 days.
Both the ébove analyses, presented by Nie;séﬁ and

Grundy-Xabaila, are based on the following assumptions:

"
v .
).z.:
53
>F‘x

Py}
A6
v -

1. The shrinkage and creep of the concrete in the

slabs may be disregarded for the purpose of analysis, and that

"the slabs behave elastically.

2. The props supporting the slabs and formwork may
be regarded as a continuous uniform eléstic support; the
elastic properties of whighumay be expressed by a coefficient
K, wvhere K = load intensity that produdes unit defqrmation of

| the support. In the method described by Grundy and Kabaila X
is assumed as infinite, which greatly simplifies.thé analysis;
55 each slab will deflect equally and additional load is
shered by the slabs in proportion to their flexural stiffness.

3. Slabs are assumed to be supported from & com-—

pletely rigid foundation.
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4. Ec’ the modulus.of elasticity of conéreté,
which increases with time.is taken into account. (Though
after a few days, the variation of Ec with time is not
appreciable.) (see Figure 5).

5. Torsional moments and shearing forces in the
formwork are neglected and hence the reaction prqduced'by a
support is aséumed to be directly proportional to its
compressive load.

Al; these basic assumptions are in, general,
conservative, flexibility in the props or foundation, re-
distribution of the loads between operations, aﬁd creep in
the concrete, should all tend to reduce the maximum load -
ratios. The only case when these assumptions are not con-
servative is if the foundation slab settles whiie Supporting
a freshly cast first floor. |

Tt is observed by comparing the results of‘the
anzlyses presented by Nielsen and Grundy;?abaila, that the
différence in numerical values of load ratio is mnot great.
The most significant difference between the two approaches -
is the assumption of props, whose rigidity is regarded as
infinite compared wifh that of the slabs by Gru?dy and
Kabaila, whereas Nielsen has taken this factor imto account.
But Beresford (2), plotted the maximum load ratios (pfo—

portion of the self weight of the slab plus formwork)

- against K (which is the stiffness of the supports expressed
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REQUIRED TO PRODUCE UNIT DEFORMATION.




- 17 -

as load intensity required to produce unit deformation)

see Figure 7. The range of K over which timber supports

and adjustable steel props apply are also shown in this
figuré. From the graph (see Figure 7) it is clear that no
real benefit can be derived by varying the flexibility of
.the props within ﬁritical limits. So it is apparent that
the assumption of completely rigid props (assumed b& Grundy'
ana Kabaila) for the purpose of analysis is justiéiable.'
It.is observed by Grundy and Kabaila that the
maximum loads are always carried by the last slab cast in the

system before the shores at the lowest level are removed.

fal

v

Figure 8 shows the maximum load ratios obtaimed by enploying z
. P

different level of shores (two to five level of shkores). It ;
is quite evident from this figure that the. increase in the g

AN

level of shores does not affect the converged load ratios om
the slabs, but the maximum load ratios are inéreased by in-
creasing the number of levels of shores.-.Bpt this increase
in the maximum load ratio of tﬁe slab may be balanced &y the
increase of its age.
In 1964, Beresford(z) tried to control the high

conétruction loads on flat slabs in multistorey.building by
employing the characteristic properties of concrete. He felt

that the risk of damaging the floor slab due to high loading
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‘during construction can be reduced when cancrete whick attains
strength and stiffness at earlier ages.than normal concrete,
is uséd. Additives, high eafly strength cements (type III)
and cﬁ;ing techniqués are possible methods of improving these -

charecteristics of concrete.

He selected the following three types of‘concretés.

1. Theoretically perfect concrete vhich attains full

stiffness shortly after placing.
2. Normal concrete as would normally be used, and

3. Concrete selected as particularly slow in gaining

stiffness.

The converged solutions (employing three level of

shores in all the cases), which results from the above three

sets of concrete are shown in Figure S.
The results clearly indicates that there is hardly

any difference in the analysis between the first two cases.

The only benefit which is to be gaived from high early strength

comcrete will be due to its ability to resist the stresses .

inmposed at an early age of the slab. The solution obtained

with slovw maturing concrete indicates 2 significant ircrease

in the imposed load on the lowest floor, howeve{,'the converged

solution is affected more thean the maximum velue. Thus this

type of concrete is out of question in fast construction.

3 .
In 1965, Blakey and Beresford( ) suggested a con-

struction sequence, in which the progress 1s stepwlse instead

. . - . 2
of uniformly vertical (see Figure 10). They employed WO levels
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of shoring, the maximum load ratio is the same as obtained

by Grundy and Kabaila (iie. 2.25). The only odvantage by
adopting this construction sequence is that the maximum load
ratio is experiénced by the slab, when its age is 4T insreod-
of 2T in the case of uniform vertical construction. However,
the rate of construction is slower and henoe-this method of
construction is not very conmon.

.By the analysis, so far described, it is seeo that
the construcrion loads in a concrete flat slab structure in
whlch upper floors are shored from the lower floors may
exceed design 1oads by a con51derab1e qorgln. Take the example
of a normal flat slab multistorey apartment building, with a
slab thickness.of 8", designé& for a DL.of 100 psf-and a LL
of 70 psf (assming the weight of normal conmcrete as 150 1bs/
cu.ft). 1If a 7-day coostruction cycle is adopted and 3 levels.
of shores are employed, the maximum oritical load sustained -
by the slab will be 258.5 1bs/sq.ft at a slab age of 21 days
(see Figure 12), which means overloading by about 607 gzom-

pared with the design using working stress design method.

If the slab had been designed by the ultimate strength design

method the siab would be at the point of failure. Obvicusly,

the load on the slab is unacceptably high regardless of the

design philosophy.

Taylor(64) in 1967 came out with an ingenious

program of formwork stripping to reduce the critical load on

slabs during construction. He suggested that if the form-
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EXAMPLE ON LOAD DUR!NG CONSTRUCTION

CONSTRUCTION LOAD SERVICE LCAD
" (LBS. PER SQ.FT)  (LBS. PER SQ.FT) |
(TEM TypchLMAXlMUM ' ITEM DESIGN
[FLOOR|ATLEVEL ‘ LOAD
g SLAB . | 100 100 8" SLAB | 100
FORM-WORK 10 o | FNSmES 0 T |18,
SUB-TOTAL o | 1o |  PARTITIONS 5
LOAD RATIO 206 | 235 | LIVE LOAD N 40-
TOTAL 226.6 [258.5 ToTAL . |170-0
(AT 21 DAYS) (AT 28 DAYS)

REMARK  CONSTUCTION LOAD IS ABOUT 60% MORE THAN.
DESIGN _LOAD e

COMPARISON OF CONSTRUCTION & SERVICE LOADS |

FOR _
FLAT SLAB MULTISTORY APARTMENT BUILDING

(7 DAY CYCLE & m=3)
" FIG. NO-I|
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work stripping programme employed thé.technique of slacken-
ing and tightening the shores by rotating the threaded collar

on the middle part of the props, the slab shoring load ratio

can be reduced to a great extent. Making the same assumptions

adopted by Grundy and Kabaila and using the special rechnique
. of slackening and tlohtenln he showed that the maximum load
ratio never exceeded 1.44 at slab age 21 days. (see Flgure 12)
In this procedure when the shores are slackened

(see Figure 12, stage 4), each slab takes its own weight and
no load will be transferred from the upper slabs to the lower
slabs through the shores. Aftar the shores are tlghtened up
and a new slab is poured at the top (stage 5), then the weight
of the new slab will be distributed to the lower floors as
shown in stage 3 at 28 days.' Thus repeatiné this process of
slackening and tightening every time before a new slab is .

cast (of course after stage_3); the maximum load ratio will

never exceed 1l.44. Taking the same example shown in Figure 11,

the maximum load carried by the slab at the age of 21 days

will be 158.4 1bs/sq.ft during comstruction against. 170 1bs/

sq.ft design load at 28 days, which is quite reasonable. The

only disadvantage in this technique is that it needs to be

handled by skilled labourers and constant supervision by

some responsible person is desirable throughout the comstruc-—

tion.
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4 34 |SLACKEN TOMS UNDER LEVEL 4, THEN UNDER.
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NEVER

1.4 4
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It is cdncludea that the analysis for load ratios
applied to adjacent éompoﬁents (slabs and props) in a flat-
slab multistorey construétion presented by Grundy and
Kabaila'is quite easy to adopt from practical design point
of view. The analysis presented by Nielsen, involvés a
lot of mathematics and is very cumbersome and 1eng£hy which

renders it undesirable in practice.

By using Grundy and Kabaila's method Taylor further

suggested that the slab-shoring load ratio may be reduéed’
by employing the technique of slackening and tightening

the shores.

The method presented by Grundy and Kabaila is
easy to use and theoretically valid, provided the basic
assumptions are valid. However, very little direct experi-

mental evidence is available on which the validity or

accuracy of the results calculated using Grundy and Kabaila

method can be judged. Experimental data is needed to

confirm the analysis.  Thus attempts are made in this
report to investigate the load distribution during con-
struction on two high-rise buildings, one in Ottawa and one

in Hull, Quebec.

AN TV AYLLLO

SMIANINGO -

R ]
P

AR

¢
2
2:




CHAPTER 3

INFLUENCE OF VARIOUS FACTORS ON THE LOAD

RATIOS APPLY TO SHORES AND SLABS

The loads on azdjaceni components (props and slabs)
during construction of multistorey flat slab structures will

normally be influenced and controlled by the factors outlined T

below:

1. TFlexibility of Supportis g
Beresford(z) has already shown that no real benefit . 'ﬁ

) C  §

can be derived by varying the flexibility of the props within 'égf%
. 5 <%

practical limits (see Figure 9). It is also apparent that’ >q§§
the assumption of completely rigid props for the purpose of ii 3

iio

analysis is justifiable.

2. Creep

Creep deformetion of concrete may be expected to

influence the distribution of load in slab/formwork systems.

Niélsen(sw has suggested that this factor may be ignored

«hen fairly young and which,

gh creep rate are under

because upper slabs, loaded

therefore, may be expected to show a hi

small stresses, whereas the lower more highly s;ressed slabs

- - s >
will show a lower creep rate, decause they are older. It is I

expected that the high creep rate and low stress for the

on roughly equal to that B

vy

e

rmat

upper ‘slabs will give & derorzz
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from a low creep rate and high stress of the lower slabs.
This hypothesis has been used because it greatly simplifies
the analysis and the information on .the creep rate of con-

“crete at very early ages is not availadle.

3. Relative Stiffness of Flcers
(41)

Grundy and Kabaila' = have assumed for the sake of

simplicity that the relative stiffnesses of the floors are

about unity. Comparison with the more refined analysis pref
sented by Nlelsen(sﬂ has shown that the errors introduced by
this assumption are in someway self compensated so that the

estimation of maximum prop or “loor loads is not greatly in

error. While the concrete section is uncracked, the stiffness

is related to the modulus of eiasticity of the concrete. By
comparison ﬁith a graph of crushing strength with time, a
graph of modulus of elasticity against time (see Figure 5)
shows a much more rapid early rise, followed by & levelllng
off, so that after about three days, the change in elastlc
modulus for the next few weeks is not great. ( L work
showed that the-ratio of flexural rigidity to flexural

ith respect toitimé and

strength was approximately comstant ¥

hence the effect of variable flexural rigidity and slab

strength could be ignored.

4. TNumber of Levels of Shores

(it
Tt is observed by CGrundy and Kaballa( ) that the

maxinum loads are always carr:z

ied by the last slab cast in the
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system before the shores at the lowest level are removed.
Tt is also mentioned by them that the maximum construction

load increases with the increase of propped floors.

5. Construction Cycle

N represents the time between placing of a fresh
slab and the rémoval of the props from zbove the lowest slabdb
in the system. The values of N used in coﬁstruction cjcles
is usually from 1 day to 6 days (if the césting rate is &
slab every T days). Actually the choice of N is based upon.
the time requireﬁent to remove and reinstall formwork at
higher levels. Both the stiffness and.strength of a ?lah
increése with age, however the stiffnessvincrea;es faster
than strength. Thus initially the load on the slab increases
faster than the load capacity of the slab, if‘thé construction
time is reduced. The only advantage of using more levels of
shores is to allow the slabs to gain as ﬁuch strength as

possible. Generally the props are left at the lowest jJevel

~as long as possible after placing a fresh slab.

5. Tightening of Reshores

The method of stripping formwork is significant,

since most methods require removal and replacement of shores.

The general effect of stripping formwork by this method is to

reduce the loads on the sladbs beneath and to inerease the load

on the slabs above (by 2 corresponding smount). During this
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proceés of reshoring at site, the reshores are generally
tightened up; the degree of tightening will normally affeect - 5 i
the loads in the props and fhus in the slabs. Normally what
is reéuired is that immediately after stripping the formwﬁrk,
the shores should be replaced only with a light compregsive
force in them to hold them in place. But the degree of
tightening the props is difficult to control at site.‘ Grundy
and Kabaila suggested that the systematic control offthe.
forces in the props using torsion wrenches or some éimilar

means could be used if economy in design justify such striet

constructional control.

R T PO A R L T
Aaitgraslopianeattgdel

In addition to the sbove factors, the performance of

2

g Saalolt
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concrete floors must be considered with respect to strength’

i ead

ot
32

(flexure, -shear and bond).

The development of flexural strength of reinforced

concrete member for different ratios of temnsile reinforcement

with crushing strength of concrete was studied by Blakey and
Beresford(3). As shown in Figure 13 the change in fleRural
strength of the member for a large change in concrete com-

pressive strength at any level of reinforcement is no more

than 10%. Thus the loading at least up to design load at any
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stage, when the concrete has not reached its design strength

\
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wvill not imply any serious encroachment on the factor of
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safety against flexural failure.

The shear and bond strengths are functions of the
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square root of the compressive strength oI concrete. So these
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VARIATION OF BEAM OR SLAB FLEXURAL STRENGTH
WITH COMPRESSIVE STRENGTH {(fc)
M=0.90.% (F0.59 p fy/e) |
bd? p-iy (FO.S9 P y/fc) pfy;u,zoo/
FOR
£ /
ASSUMED
f,=_40,000
e |
> g.g.f,f '
228
/ Py
/ BRI
/
/
/ pf,=450
I/ '
7
; .
/ pf,=300
J . —
,/
/I .
/ pf= 150 .
/ .
| | | | | I

3, 600 4,000 5,000 6,000

1,000 2,000
REF NO.3 -

FIG.NOI3 COMPRESSIVE STRENGTH(%)IN PSL
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strengths will not be very much affecfed with the wide
variation of compressive strength. Beresford(Z) has stﬁted
that the influence of these factors on load analysis is not
apnreclable.

Thus the main object of this 1nvest1gat10n was to

determine the actual load ratios applied to slabs and shores

during construction and to compare these with the theoretical'

ones and subsequently to determine 2 shorlng schedule 1n

practice for different rates of constructlon type of cements

and ambient temperatures, etc.
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CHAPTER b

FIELD INVESTIGATIONS

_Thischapter contains a brief déscription of the
structures, which have been investigated and the experiments
performed on them. As mentioned before, fhe object of this
investigation was to.determine the load ratios experienced
by the shores and reshores during construction and thereby
to find out the loads taken up by the floor-slabs at different

ages during the construction period.

Description of Construction Seguence

In a typical conmstruction cycle, as already mentioned,
there ere two alternating operations, which

control the lozds being applied to the slab.

These are:
1) Placing a fresh slab (Operation A g
2) Removing the lowest level of shores L-1 ?
(putting in reshores if needed) i:z
(Operation B) i-h
For example consider 2 L-5
typical construction rising at the rate z:i
of 2 floors per week and employing
three levels of shores and say four T i I |

per.A Oper.B A
Construction Sequence
Figure 14

levels of reshores. On the day that
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the slab at level "L" is cast (Operation Aj,-shores are in
position under the slabs at level "L"'(O day old), "rL-1"

(say 3 days old), "L-2" (7 days) and reshores are in position
under fhe slabs at level "L-3" (10 days), "L-4" (1k dgys), |
"L-5" (17 days), "L-6" (say 21 days), as shown in Figure 15
The load of eight slabs‘in the systém pius the formwgrk will
be distributed between the seven 'cured' slabs (slabs at
level "L-1", "L-2", ...... "L-T" in some manner which was to
be determined experimentally.

After N days from the time the slab at level "L" is
concreted, the shores along with the formwork under the slabd
at level "L-2" are removed gnd piaced at higher level, whereas
reshores are placed under the slab at level ".2"; Reéhorqs
under the sieb at the lowest level ("L-6") are also removed
(Operation B), see Figure 14 - Operation B. The forées
formerly in the removed shores will be distributéd between
the slabs above it and the slabs below wi;l be relievéd, by
the equivalent amount of force. The redistributed loa&é
carried by shores and reshores will be measu:ed.

The formwork which weighs about 10% of the slab it
is supporting, is assumed in this analysis to be included in

the self weight of the slab.

hpartment Building at Alta Vista Drive, Ottawa

This was the first structure to be investigated, which

is a twenty-two storey high-rise apartment duilding on Alta
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Vista Drive, Ottawa. (Figure 15). It is a flat-§lab type'buildiné

commonly used for apartments. The thickness of the slab is

- 8" and has the maximum panei length.of 20! 6". The design
details of a typical floor are shown in Appeﬁdi#.ﬁ.

On this building three levels of shores and four
levels of reshores were used. The construction_rate was
épproximately two floors alweek. At the time of starting .
the measurements on this building, six floors were aiready
cast. Thus the experiments were.performed from the Tth floor
slab to the 13th floor slab to obtain data on the full con-

struction cycle. Measurements were carried out during the

period from July 2hth to August 26th, 19T1. The average .3_%%
’ 5 <

temperatures during the period were between SSOF to TOOF. ;§§:
The variation of the atmospheric temperature and the rainfall é 3E
during the period is shown in Figures 17 and 18. 'Qg
On this building tubular sfeel.flying séaffold z%

fremes were used for shoring purposes. The details of which
are shown in Figure 18. For experimental purposes & t%pical
floor area, resting on four reinforced concrete columns, és
shown shaded in figure of Appendix 6 was chosen and the eight
posts numbered as 1,2,3,....,0 were instrumented (see

Figure 20). Since it is probable that the post will éxperience
bending under loading, twe electrical resistgnce foil-type
strain gauges were affixed on opposite sides at each named

post to avoid measuring bending stresées as shown in the

Detail "D" of Figure 19.
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APARTMENT BUILDING AT ALTA-VISTA DRIVE, CTTAWA
TYPICAL FLYING FORM DETAILS
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By recording the initial readings from the strain
jndicator before casting the slab and c;mparing it with the
result after the upper floor-slab (slab at level T7) is con-
creted, the loading on each named post was measured and is
listed in Figure 22 under operstion A-7 (see Appendix 4).

The floor area carried by each post, when the éonf
crete was just poured was calculated by four different ways
as shown in Appendix 3 and it was found that the most practical
way of finding the theoreticel loads on shores is to consider
the weight of the conrete of the proportional area of the slab
resting oﬁ that particular post. The loads carried by shores,
reshores and slabs are expressed as a factor by which, the
self weight of the slab plus forﬁwork, must be multiplied.

This factor is referred to =2s the 'load ratio'.

mine the load redistribution in the shores and reshores, when

the formwork along with the posts from the lowest level of

shores {under the slab at level 5) was removed and pleced on a2

higher level, (over the slab at ljevel T) and reshores at the

. . Y
lowest level were also removed (Operation B). W¥hen this

operation is performed, measursments were again taken on the

shores under the slab at level T (as entered in Figure 22

tnder Oparation B-5).

The eight posts, exactly jn ths same position as the

under the slab &t level T, on

(@]
=]
(2]
1~
‘
5]

pravi

instrumented posts

ings takxen.

£

level 8§ were instrumented and inpitial zero rea
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APARTMENT BUILDING AT ALTA-VISTA DRIVE, OTTAWA
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When the floor slab at level8was cast (Operation A), measure-
ments for the loads carried by the posts under the slabs at
levels 8§ and T were recorded as per Figures 23 and 22 res-
pectively under operation A-8.

In this way the posts under the new floor to bhe cast
vere instrumented and the loads on both the shores ana
reshores recorded, when the new slab was poured (Operation 4)
and vhen the lowest level of formwork, including the shores,
was removed and placed on 2 higher'level (Operation B). This
process of recording the load after each Operation A and B
vas continﬁed until the whole cycle was completed. The
nessurements are recorded in Figures 22 %o 26 for shores and
reshores under floor slabs at level T to level 13 respectively
and are expressed as load ratio in the last column of each

figure. (Figures 22 to 26 are to be found in Appendix 4).

Calculation of Load Ratios Czrried by Floor Slabs

Referring to Figure 22, operation A-T, when the floor

slab at level 7 was cast, the shores under the slab were

carrying a load of 1.03 times ine load of the slab plus form-

work and the slab at level T (¢ days cld and behaving as 2

fluid) is carrying zero load.

Now when the lowest 1evel of shores {i.e. shores

~ ~ +
under the slab 2t level 5) ars removed 2nd placed on the

higher level (Operation B) the measurezents oOn the shores

the floor slab at

2
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0.83 (Figure 22 under operation B-5).

Obviously the slab at level T (which

is now 1 day old) retained a load

ratio of 0.17 (1.00-0.83 = 0.17) as
. Tth Floor

. . . . - 0 1 da 0.17
shown in the adjoining Figure 27. 0 day 1.03 0.83
Again when the slab at level 8 was
cast, readings on the shores under l_i

' s

the slabs at levels 8 and T are 0.99 Hil ‘
and 1.65 respectively as per : Oﬁgr.A;} _Oéér;B:%

Calculation of Load Ratlo
Carried by a Floor

A-8. This means the load sus- Figure 27

Figures 23 and 22 under operation

tained by the slab at level 8 (O
days o0ld) is zero and the slab

at level T is 0.3k (1.99 - 1.85 = 0.3%4).
In this fashion the ioads on the difTerent floor

slabs unders Operations A and 3 were calculated at different

ages as shown in Figure 28. The loads on different levels of

shores, reshores and floor slzbs under Operation A and B and at

different ages were also calculated ox the basis of the theory

with 52 exception that when

-
4

IEN
o

presented by CGrundy and Keba

+ the lowest level is.

9]
51
4]
7]
o

the formwork along with the st
g

removed, redistribution of the loads in the upper sleds will

[ i i Tuv w bs wi eliev
be as per their stiffness, Cuv the lower slabs will be relieved

. s vs - s ihye
and will be carrying thelr own weignv only and thus <the reshores

- . ney slab at
will be carrying no loads 2 new S
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. . . v
slabs (as per their stiffness) in the shores-reshores system..

In this fashion the theorgtical analysis proceeded as shown
in Figures 29 and 30. A summary of the load ratios applied to
adjacent components (shores, reshores and slabs), determined
experimentally as well as theoretically, is given in Figure 31.
These experimental and theoretical load ratios applied to :

adjacent components (shores, reshores and slabs) are plotted

against time in Figures 32 ©o 43. These graphs show the

experimental values (continuous lines) and the theoretical . i

o
s
E2

values (dashed lines). It is observed that the experimental

RN

results are in agreement with those predicted. The maximum

<

load ratios carried by the slabs at different ages, determined é'}
' D2

experimentally and theoretically are as summarized below: é;géi
: a3z

Gz

. ~ T

Ao Maximum Load Ratios <O

Slab at Level (d °e) B Yat
ays Experimental Theoretical gy

|

7 11 1.88 1.83 C 3

8 20 1.93 | ' 1.85 :

9 19 1.91 C1.74 :

10 20 2.02 1.99 -

The above figures show that the experimental values for maxi-

mum load ratios are quite close to that of theoretical values.

It is also observed that the maximum load is always carried

by the last slab under the shores, before those shores are i

removed. The most critical load ratio is 1.88 experienced by

the slab at level 7, which is 11 days old. Thus the maximum

load sustained during comstruction 1s 906.8 1bs/sq.ft at 11

= . T oAf LGT
ffactively an overload Of about 4Us.

-
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Place du Portage, Hull, Quebed

This was the second building investigated, which

again is a flat slab-type construction of 27 floors (see

Figure 44). The thickness of the slab is 10" up to the 1lé4th
floor and from there upwards it is 8" thick. The maximum

panel length is 25 feet. The design details of a typical

floor are shown in Appendix 7. In the construction of this
structure, three levels of shores were employed and the
construction rate was about one floor a week. Eighteen

floors were already cast, when the experimental work was

started on this building and thus the experiments were carried

out from the floor slab at level 19 to the floor slab at level ‘ E(%
22 to complete the full constrﬁction cycle. The experiments 5‘
vere performedvduring the period September Stﬁ to September % :
29th, 1971, during which the atmosphericltemperature was ‘gg;
_The variation of . 3;@

ranging from 55°F to 70°F approximately.

the atmospheric temperature and rainfall during the period

.

in question is shown in Figure 45.

On this structure, adjustable tubular steel jacks

wvere usad for shoring purposes. The details of which are o

shown in Figure 46. Typical floor area as shown, shaded in

the figure of Appendix 7 was selected for measurement puUrposes. i

Electrical strain gauges were affixed on nine posts 1n exactly i
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Figure44  Photographs of
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the same fashion as for the previous structure. Load readings
on posts 1 to 9 (see Figu?e 47) -wvere recorded when the new .
floor slab {et level 19) was cest (Operation A) and was entered
in Figﬁre 48 under operation A-19. Measurements were repeated
vhen the lowest level of the Formwork along the shores (ﬁnder
floor slab at level 17) was renoved and placed at a hlgher
level (0peratlpn‘B). These measurements. are given in Appendlx &,
F1gur° 48 under operatlon B-17. Operations A and B were con-
tlnued until . the full construCulon cycle was comnleted The
neasured loads on the shores under floor slzbs at levels 19

to 22 are shown in Fzgures 48 end 49 under Ope*atlons A and B.
Hence the load ratios carried by the shores are completely

known.

Caleulations for the load ratios applied to the
adjacent slabs were made exactly in the seme fashion as for

structure No. 1. The experimental and theoretical load ratios

applied to adjacent components (shores and slabs) are shown 1in

Figures 50 and 51, respectively. The experimental results are

in close agreement with those predicted values (see Figure 52).

The load ratios carried by the slabs 2nd $hores at different

levels are plotted against time, see rigures 33 to 58 in App. -

The ma3 cimum load ratio, determined both experimentally

and theoretically was 2.11 and was experienced by the 20-day

0ld floor slab at level 19. Thus the naxinur load sustained

3 - - - &
by the slab during coustruction is 232 1bs/sg.it at 20 days,

1 o : o £ or ad
¢ffectively an overload oI zhout 325 on the assumed dead lo

and live load.
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The experimental analysis of the two structures
discussed in this chapter indicates that the maximum load
ratio lies between 1.88 to 2.11 and is carried by the last

slab under the shores at the time of casting a fresh slab

at the higher level.

Probable Accuracy of Experimental Results

The experimental values are likely to vary by
about ‘¥107 due to

1. The variation in atmospheric temperature.

between the dummy gauges and the active gauges.

' c
2. Variation in the cross sectionzl area of Z::
. " - <
cee Me
different posts. >
. . : . ==
3. Large length (about 7'-8') of electrical 3o
' [%a
connecting wires. g
.z
the connecting . S iE

4. Plugging in and plugging out of

wires several times during the measurements. _ : _ s

5. Differential eifect of the wind, etc., on ' R

dumny strain gauge and on gauges affixed om pOSES.

6. Bond between the strain gauge aad the steel =

post.
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CHAPTER 5

RECOMMENDED PROCEDURE

Both the theoretical and experimental studies,
described in this report show clearly that the reinforced
concrete floor slabs in high-rise structures are subjected

to heavy loads, during the construction period.

As mentioned in the Historical ﬁeview, Chap;er 2,
the load ratio in all the slabs connected.by shores or re-
shores increases when a fresh slab at a higher level-is
cast and the maximum load ratio- is always carried by the
last slab under the shores at that time. This was verified
twohhigh rise'structures,

experimentally from the results of

one at Alta Vista Drive, Ottawva and the other at Hull,‘

Quebec.

Design of Forms

As mentioned previously the Building Code require-

ment for reinforced concrete, ACI 318-71, Clause 9.3, p.26

that the required strength U provided to resist dead load

D and live load L shall be at least equal to:

vhere U =1.4D + 1.7L(5)
D = Dead load
1 = Live load

P
e




In order to calculate shore and reshore requirements
it is assumed that the design is adequate at 28 days. To allow
for the variation in. the slab strength with age it has been
conservatlvely assumed to be proportlonal to cyllnder strength.
By reference to Figure 59 it can be seen to be comnservative
for all types of failure criteria.

The maximum load ratios obtained using the Grundy

and Kabaila method with Ec constant are given in Figure 60

for various shore/reshore combinations. The detailed analysis

for variéus shore/reshore combination is given in Appendix ‘6.
Shore requirements wereAcalculated using the values

in Figure 60 increased by 107 to allow for the error between

measured and calculated results, 107 as the weight of the form-

work and 207 as construction load factor.

In addition to all these factors, it is worthwhile to

check the-safety of the structure against shear failure.
The load carrying capacity during construction will

depend on the ratio of the design 1ive load (including the

future partitions and finish loadings) to the dead load of the

structural floor:' Figure 61 was prepared to specify.shoring

and reshoring requirements during construction yith respect

to varying live load/dead load ratios, comstruction cycle and

concrete strength.

In addition to the above criteria which is based on

; i floor
experimental experience for load carrying capacity of a

: s . i t i rin
slab, the following basic assumptlons are adopted in preparing

the zbove mentioned figure.

-1
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1. The weight and structural design of all the

floors is substantially equal.

2. The weight of freshly placed concrete and the
formwork is 1107 of the floor load after the forms have been
stripped. The construction load factor is assumed to be 1.2.
0f course the construction factor should be greater than one.
In ideal working conditions (e.g. summer construction) 1.2 may

be reasonable, but & good agreerent . could. be made to

raise it to l.4.

3. The placing and curing temperature of concrete

during the early age of the floor is 70°F to 85°F.

L. The shores and reshores are evenly distributed

throughout the floor and are sufficient at all levels.

5. Assumption regarding gain of concrete strength

with age.

The use of Figure 61 can be illustrated by the

following example:

Example

Suppose the construction rate is 7 days, L.L./D.L.

ratio of 0.75, type I cement and three levels of shores. E

Now from the figure we get four levels of supports. If the - -

11th floor is formed and ready for concreting and the 9th

floor has been stripped, then we should be having the shores

whereas reshores under the o

under the 11th and 10th floors,

9th and 8th floors.

By observation of Figure 61, it can be seen that
£271.
“sone slabs uader low L.L./D.L. ratios are predicted to fai-s

they do pot faill.

Equally it is observed in practice that

. -3 cood
he calculated ultimate load is not pecessarily 2 §

k—\& B o i, e - T "
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jndication of the actual ultimate load. This apparent
anomaly is because flat slabs are designed by the empirical-

nethod given in CSA, 1970 clause 9.7(1%) or act 318-56,
(6) . ' ’

Clause 210

This empirical design method, assuming 'no gross

detailing errors, contains an inherent conservation estimated

to be at least 1.4. This comservation is ﬁué to the ﬁltimate
flexural moment being greater than that when the steel .
reaches yield; that a slab cannot collapse until a mechan-
ism has formed and because the square yield criteria used

to relate the failure of a slab under two orthogonal.moments
to a line moment is conservative. Provided flat slabs aré
alwvays designed by this empirical procedure.the design,
ultimate load could be increased. However, this is not

good practice as any improvements in design method would

eliminate totally or partially the implied extra 1.4 load

factor.
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L.L./D.L. 0.50 0.75 1.00 1.25 1.50 1.75 2.00

ULTIMATE LOAD
CARRYING CAPA- 2.25 2.67 3.10 3.52 3.95 4.37 4.80

CITY OF FLOOR

REQUIRED NUMBER OF LEVELS OF SHORES AND RESHORES

CASTING RATE (SHORES + RESHORES)
164 DAYS T 1#2 1+l 1+l 141 1+l 14l 141

ITI . 1+2 141 ° 14+1 1+l 1+1  14+1 . 1+l

7 DAYS I 245 2+2 2+41  2+0 2+0 240 2+C

III 245 241 240 240 240 240 2+0

3DAYS I % £ 343 34l 340 340 340 G5
o

IIT % 245 3+L  3+0 3+0 3+0 340 <

| e

&

2%

. - '<:‘

RECOMMENDED SHORING AND RESHORING -REQUIREMENT 7 R

(rEMp. 70°F to 85°F)

FIGURE 61 , .

For safe construction, must be designed for construction

loads.




.The recommenaed procedure for required shoring and
reshoring, which is given in Figure 61 can be modified to
"allow for the construction being carried ouf during low
temperatures (say 55°F or 40°F). It is the rate of gain of
concrete strength, which.will be effecfed by the low

temperatures.

. 6 . ‘s .
Klleger( 1) studied the effect of mixing and curing.
temperature on concrete streﬁgth. Figure 62 shows the gain

in concrete strength with time at different temperatures.

This figure clearly indicates that for the first few days

(sey seven days or so), the rate of gain in concrete strength
at low temperatures (say 55°F end hboF) is'appreciably slower
than concrete which is mixed ard cured at T3°F, but the

difference is not so great at later 2ages (see Figures 63 and 64).

Teking the rate of gain of compressive strength of concrete at

55°F and 40°F as given in Figurs 62 and shown in Figures 63 and

64, Figure 65 was prepared to give the required shoring and

. on i
reshoring during cold weather (55°F end 40°F) construction.

When the construction is carried out durlng very

lov temperatures (below 40°F), it is edvisadle that at the

+ seven days OT so), it should

early age of each slab (say Tirs
be cured under artificial heating and.Figure 65 can be

employed to determine the numder

construction.

The analysis shown in

hree levels of shores are enploy




FABRIC- COMPRESSIVE STRENGTH (PSH)
ATIONS
CEMENT|QURING | % OF 73° F (28DAYS) STRENGTH
TEMP,
ASTM | of | |
| 3 |7 |28 ! -3 7 8
TYPE A ik
73 |1410 |3120]2a5d6050| 232 | 5¢5 | 742 f100 |
55 |580 (1930 |3750/6250| 96 | 320 | 620 |103
(NOR- ‘ :
MAL) | 40 | so|730|2140]5180| 13 | 1221 | 354 |856
73 |2640[3930|4780|5750| 460 | 684 | 822 [I00
(EARLY | - |
stren.| 55 [1440 [3180(4010(5470| 25:0 | 554 | 696 |952 2
STH) ' 2
40 |360 [2000[4160 |6260] &3 | 348 .| 72:4 |109 <
2

COMPRESSIVE STRENGTH OF CONCRETE 123

AT LOW TEMPERATURES (55° & 40° F)

FIG. NO.62
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L.L./D.L. 0.50 0.75 1.00. 1.25 1.50 1.75 2.00

ULTIMATE LOAD , |
CARRYING 2.25  2.67 3.100 3.52 - 3.95 4.37 4.80

CAPACITY :

REQUIRED NUMBER OF LEVELS OF SHORES AND RESHORES

CASTING RATE
16 °F 1 142 1+1 1#1 1+l 141 - 1+1 1+1

DAYS 53 yyp 143 141 14l - 41 41 1+l I+l
40 I * 1+4 142 1+1 1+1 1+1 1+1
III 141 1+1 1+l 141 141 141 141 ’
7 55 I * 2+2‘ 2+0 2+0 240 . 240 2+0
DAYS 11T * 2+4 2+1 240 240 2+0 2+0
40 I * % 345 3+1 3+0 3+0 2+0
III 2+4 2+1 2+0 2+0 240 240 2+0
3 55 1 % % 3¢5 O 3+1 3+0 2+2 2+1
DATS III % * 345 3+1° 340 2+1 2+0
40 I * * % * % % %
111 % % 3+3 3+0 2+3 2+1 240

v

RECOMMENDED SHORING AND RESHORING REGUIREMENTS
(TEMP. 55°F AND 40°F)

A

FIGURE 65

VA

For safe construction, must be designed for construction
ve the placing and

loads, or provide the heating to ha
curing temperature 75°-85°F.




- 73 -

are carrying a load ratio of 3.00. Clearly it is necessary
to see that the prop system at the ground floor should bé
adequate to carry this loading. The number of props can be
reducéd while'reshoring the floor slab. It can easily be
demonstrated that irrespective of the distribution of
fesﬁores the bending moment at thé centre of the slab
remains positive (sagging).

As mentioned in the Historical Review, Chapter 2?
Taylor(64) using the technique of slackening and tighteniag
the shores by rofating the threaded collars of the PIrops,
found the maximum load ratio was reduced to a greater extent.
Thus éaking the maximum load ratio during construction as
obtained by Taylor, Figures 66 and 67 are prepared for
recommended shoring and reshoring requiremenfs.

It is clear from these figures that the number
of propped floors is reduced compared to.those given in

Figures 61 and 65. But the results of Figures 66 and 67 can

orly be used in practice, provided the whole construction

(specially at the time of slackening and tightening of the

props) is performed under the strict supervision of

experienced foremen or engineer. .
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L.L./D.L. 0.50 0.75 1.00 1.25 1.50 1.75 2.00
" JLTIMATE LOAD |

CARRYING 5.25 2.67 3.10 3.52 3.95 4.37 4.80

CAPACITY :

REQUIRED LEVEL OF SHORES

CASTING RATE

14 DAYS I 2 2 2 2 2 2 2
III 2 2 2 2 2 2 2
7 DAYS I 3 2 2 2 2 2 2
111 2 2 2 2 2 2 2
3.DAYS I 4 3 3 2 2 2 2
11T . 3 3 2 2 2 2 2

RECOMMENDED SHORIXG REQUIREEENT

(TEMP. 70°F to 85°F)

FIGURE 66

Taylor's technique of ' cz

1) To make use of the above table,
s must be employed.

slackening and tightening the shore
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f.L./D.L. 0.50 0.75 1.00 1.25 1.50 1.75 2.00
ULTIMATE LOAD o .
CARRYING 2.25 2.7 3.10 3.52 3.95 4.37 4.80
CAPACITY '

REQUIRED NUMBER OF LEVEL OF SHORES

CASTING RATE

14 °F 1 2 2 2 2 2 2 2
DAYs 55 -
11T 3 2 2 2 2 s 2
40 I 3 3 2 2 2 2 2 |
11 2 2 2 2 s 2 2 &
. , =
7 ss 1 3. 2 2 2 2 2 2 =
DAYS S
IIT 3 2 2 2 2 2 2 gol
<
40 I & 3 3 2 2 2 2
11 2 2 2 2 2 2 2
3 55 I 4 3 3 3 . 2 2 2
DAYS '
I 4. 3 3 2 2 2 2
40 I 6 5 4 4 4 4 3 Z
III A 3 3 3 2 2 2

RECOMMENDED SHORIXNG REQUIREMENTS

(TEup. 55°F and 40°F)

FIGURE 67

Taylor's technique of

To make use of the above table,
hores must be employed.

slackening and tightening the s

l
|
A
o
N
R
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CHAPTER 6

CONCLUSIONS AND SUGGESTIONS

CONCLUSIONS

1. Investigations on the systems where a freshly placed.
flat slab floor is wholly supported on a nunber of previously
placed floors through props clearly indicate that the con-

struction-loads ‘on the slabs exceed the design loads by 2

considerable margin and thus should not be ignored during-

the design of the slabs. Analytical determination of such

loads, as carried out in this report predict the comstruction

AAINO -

loads with acceptable accuracy and do not present ary

truction load on the

=3
difficulty. 4
—
=

2. It is shown that increasing the number of levels of S
. e

2

shores does not reduce the maxinum cons

slab, rather the absolute paximum load increases with an

increasing number of levels of shores. However, the age of

the slab at which these maxime occur also imcreases, but the

. : £
increase in concrete streagth does not necessarily offset the

two or three

extra load. Thus it 1is suggested that only

levels of shores should be psed at the most.

3. It is observed that the absolute maximum load ratio ' N

depends upon the number of levels of shores enployed. Thus

e carrying the absolute maximum

slabs at levels 2 or 3 will ®d




load ratio depending upon whether the number of levels of
shores used is 2 or 3 respectively, so it is suggestéd that
the slab carrying the absolute maximum load ratio should be
kept dn props continuous to the ground level for a longer
period. |

L, As pointed out by Beresford (see Figure 8,

Chapter 2) that after the solutions have converéed, increasing
the number of proped floors will not affect the 105a ratio
sustzined by the lowest slab in the system, as a converged
load ratio of 2.00 is determined in each case after placing
2 fresh slab. However, the egs of this slab will be greater
as more proped floors are added to the system and thus the
benefit of increasing the number of proped floors is thus
derived from the application of the same highest load ratio

(2.00) at a later stage.

PR If the lowest level of shores 1s removed before

the reshores are installed the maximum loadé ratio on the

lowest slab is reduced and the 1poads on the other slabs 1in-
creased by a corresponding emouat. Thus it is advantageous

A ) S e > o
to place the reshores with only a light compressive force

>

fter pouring a new sladb at a

just to hold them in place.

higher level, the force in the reshores will increease

is not advantageous when the con-

[o] - A .a Y
¢ i ; : g ¥z L nzn pe used with
siruction is carried out at 55 °- Tt czn pe used
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SUGGESTIONS

1. From the point of view of high comstruction:
loads, the use of light weigﬁt concrete slaBs (and possibly
prestressed flat plates) is suggested, so the dead load/

total load ratio (and hence comstruction loads) will be
reduced.

2. If cracking of the floor occurs during con-
struction, which definitely indicates unsatisfactory per-
formance of the slab under loads, it is advisable to slacken

off the shores above the slab with only 2 light compressive

force in them to hold them in place or omne by omne to slacken

and lighten each of the shores above the f£loor which will

N

reduce the loads on the slab beneath and will increase the

loads by a corresponding amount oD the slabs above.

3. If Figures 66 and 67 are used to determine the

number of propped floors, the entire construction should be

under the strict aﬁd constant supervision by skilled fore-

men, architects or engineers.

The method of analysis and procedures given 11

thic report may be used conveniently in the design and con-

structiocn of multistorey flat-slab structures, to obtaln 2a

s imposed on the structure

quantitative estimate of the load

- . s34 it z rnhe required
during construction and rapid determination of ¢ q

nunber of propped floors.
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APPENDIX 1

Some of the structure failures during con-
struction in Canada and U.S.A. during the past eight

years, which are investigated from restored news-papers record etc.

in building research branch of NRC.
After the structure collapses, it is sometimes

difficult to find oﬁt the actual cause of failure aad
therefore in some of the miéhaps listed in Figure 1, the
cause of failure could not be given. It is observed that
the main causes of failure in mosf of the cases are such

as listed on pages 2 and 3.
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APPENDIX 2

NUMERICAL ANALYSIS BY NIELSEN

Mathematical derivation of finding the load
ratios apply to adjacent components (shores, slabs)

as taken from Nielsen's paper (Ref. 5%).

Nomenclature used in the analysis

aand b = The length of the edges of the slab in

the directions x and ¥ respectively

:I\.Ll\ll.%.'.ll ARV

(see Fig. A).
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The modulus of elasticity at the age of
v days after placing the concrete

Poisson's reatio

(w) _ g(v), 13
== a

12(1 -v°)

the age of w days after placing the concrete

The additional deformetion of the slab at
age of w days after placing of concrete

the load gq at thé'age of w days after placing

the concrete

The n-th normalized cheracteristic function

of the slab

The value of n~th root of the equation of

vl\__.x,b..u.‘)..n [FI8T R

R vy

frequency of the slab

2
(The esnguler frequency W, = X /Ns/ah) Y
. Cow) o (W) =
Phe n-th charzcteristic value (ln =X ) -«

at the age of w days after placing the concrete

2 b : B
J I Wn dx dy | ‘ . L
00 L
tne slab (the

nucleus of 2z integral equation) at an age 01

. . .
w days after placing +he concrete. This

function expresses the geflection at the point

(x,y) due to unit load at the pt. (g,n)

: £
The additioneal load on formwork at 2an 28€ of

S
eve

w days after placing the concr
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k = The coefficient of'compression of the form-
work (the force per unit area.of the form-
work which is reguired in order to produce
s deformation of unit iength in a vertical
direction

K = Load intensity that produces unit deformation
of the support | | |

n .= Number of levels of shores

b = Time between placing of a fresh slab and thé
removal of the props froﬁ above the lowest

slab in the systen

Es = Modulus of elasticity of reinforcement é;

Ec = Modulus of elasticity of corcrete ?

Hu = Ultimate design resisiing moment ;

d = Effective depth of the member y

fé = Crushing streagth of co;crete

fy = Yield stress of steel

As = Area of steel bar .

8 = Deflection

I = Moment of inertie

L = Span ' . T

P — Reinforcement ratio producing balanced é
conditions at ultimate strength '2

R

2 = Ultimate load :

£ = Steel strain :

£ — Concrete straln ‘
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NIELSEN'S Method (Ref. 54)

The method empléyed in the analysis is illusfrated
schematically in Fig. 2. After laying the foundations, the
formwork is erected for the walls and floor slabs of the
first storey. Then the walls are cast, and a few days later
vhen the concrete of the»walls has hardened, the first floor
slab is cast (stage Fo. 1). The number éf days givén in the
following are reckoned from this day. The erection of the

formwork for the next storey is started a few days later, and

under favourable conditions, the second floor slab cen be cast

6 to 7 days after the first floor slab (stage Ho. 2). The
third floor slab is cast & week after inet (stage Ho. 3). Now

the first formwork is removed (e.g. after 15 days) for further

AT IRY IR I

use {stage Wo. 4). The fourth £loor slab is cast after 21

LW

days (stage No. 5), and so on. Subseguently, 3 or } floor ‘ ;

slabs are alternatively coupled.

£irst sevaen stages cor-

For analysis purposes, the

responding to the rate of construction as described above are

considered, and expressions for dditional load acting oO=n the B

m
|
(]

e

pplied to

o

formwork and additional moments

each stage are deduced 2S under:

STAGE ¥0. 1 ] : =
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follows that the concrete of the slab will harden during the
next few days without being submitied to any moments at all.
The load acting on the formwork is uniformly distributed and

thus can be written as:

Stage No.2 Day 0

p(o)(x y) =4
? ' . Casting of Slab 2
. 0 days
. o) '
STAGE NO. 2 ] | T days
: Il

The next flbcr slab is cast a week laﬁgr. The dead
weight of this slab will be partially carried by the slab
situated below and partly by the formwork of the later. slab,
which is assumed to rest on = perfectly rigid support.

Now we have to calculate the load dist?ibution
P(T)(X,y) in the lower formwork which is caused by the

2dditional load due to upper floor slab.
If the characteristic functions of a slab under any
are normalized in such a manner

arbitrary boundary conditions

2. b :
° é wndxdy = 1, then the influence function can be

written in the well-known form

1 -
RN PR ACEORALRY
n

Fow the. deformation due %o 2a uniformly distributed load g per

unit area is

a,b
;
g (2,y) = Qf- K(x,y,E,n)dEan = iy~ Wn(}:,y)f

opn
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Introducing the notation
ard
An =J J w, (g,n) dgdn
o0
ve obtain the deformation expression:
— SPAL .
wQ(x,y) = qz-l; v (x,7)
n=1,3,5....¢
The characteristic functions of an even order are
supposed to be antisymmetricel. In that case An becomes 2Zero
for these functions. Consequently, every second characteristiq
function in the expression for wq(x,y) will vanish.
The additional deformetion W(T)(g,n) of the lower

floor slab gives rise to the reacticn k W(T)(E,ﬂ) in the

YN L)

elastic support. So we obtain:

ab ‘
A ) =wé?)(x’y)._k[[.K(T)(x,_v,g,n) T (g,n) agan

o)

This is an inhomogensecus linear integral equation

having a symmetrical nucleus.

2 . ] '{ ) r s
Now if we imagine V(T)(x,y) and J( (z,n) to be
b

- . . . - . ,
expanded into the series which are built up by means of

characteristic functions of ihe slab:

ot
=4
-~
y
™
-~
o
(‘1
g
.

and WT(E,n) = ZCiT) wn(g,n) respectively. &

these expressions, the sign of

ccefTicients of even order vanish,
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n=1,3,5...--

In order to deternmine the additional moment acting

on the floor slab, we can start from the deformation

' L
W Dixyy) = & f——2r v (xy)
n=1,3,5-.--

Then the additional load on +he formwork 1is

’ 0
p( )(x,y) =g
(1) (1) A
and p i (x,y) =k w (x,v) = qz—-———-rfy wn(x,y)
A .
n
1 4 X
8 =1,3,5.4--
_ Stage No.3 Day 1k
STAGE 0. 3 Casting of Slad 3

0 days

The third floor slab is cast one

week after the second. The 1oazd due to the

. . - . - - L
newly placed concrete 1S uniforzliy distributed over the

second floor slab, which is now one weex 0ld. The second

floor siab is deformed, and the part of the load is trans-

itted through the formwork %o ihe first floor slab, which 1s

H

- . A DA .y 3 Qﬁe"t of
ov twe weeks old. Just &S sefore, w€ consider the eliec

=

Ly .. s , +3 % loor
the additional load only. <222 +he deformavion of the flo

@
)
.

slab No. 2 can be written
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ab
{ D ix,y) = wg)(x,y) -k J { K(T)(x,y,a,n)IW(Y)(E,n)-w(lh)(a,n)[dadn
oo , '
_ dgdn
where k|w(7)(£,n) - w(lh)(g,n)[ denotes the upward load p(T)(g,n)
per unit arees of the formwork at the pt. x =&, ¥ =n.
Now the deformation of the floor sléb_No. 11is
written
a b ' )
o3 90| Jk‘l“’(x,y,g,n)lp‘”(t,n)-kw“’”(a,n)laaan
o'
By above anelogy, Ve assume 2as:
w(T)(x,y) = EC£T) wn(x,y)
and w(lh)(x,y) = ):Cz(llh) wn.(x,y) o
By inserting these into the expressions for W(T) and
w(lh) we get: | |
N (7)1
CiT) 1+ _EE_—} - Cilh) - % A
L (1) '
and Cr(zT) _ [2 . _rg_l:___] Cr(llh) .
By solving the above two, We have: . R
L. 2] B
z a : o
Cn(T) = lz(;) . }((11&1)1 - ' .
[1 +——§———H2 +—"1.—-—]- - 1
c, M - CRNED |
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.Thus the additional deformation can be calculated

and thus additional moments can be determined. The additional

10ad on the formwork is:

2 (xy) =4

oMy =kl Dy - v )
y (1) '
1+ nk A o
—o Iy Sy Y
n . n
1 =2+ % -1
n =1,3,5....
and
(1k ' . A
2 er) = ) = ] y (1) ] , (1B #p(%59)
n n
1+ ” 2 + k -1

n=1,3,5.-..

Stage No.l Day 15
Removal of Formwork 1

§1ﬂ§§_ﬁg;_ﬁ. 1 day
| ‘ )
\\% 8 days
The next stage takes place the following \H
o L 15 days
js removed. So the 1

dey, when the first formwork

upward reaction caused by this formwork will venish. Ino other
vords the system 1is submitted to & downward 2dditionzl load of
reaction due %o the

the same character as the total upward

nerease in the

ct

e

Heglecting the

first form in stage Fo. 3.

aring the preceding

el
~
[¢7]

4
+y of concreve (

rmodulus of elastici c
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day and in accordance with the previous calculations, the

additional load is:

p(lh)(x,y) = o8 v (x,y)

where

: 1 : 1
B- = A l1- -
n n (1) (1) (1k)
«'(1+Yn ) (1+Ynk )(2+Y—”—§—)-1

Since this additional load is directed downwards, -

ve imagine that the formwork is subjected to tensile stresses.

For floor slab No. 2, the deformation is given Dby:
ab '

w1 w2 (g0 - MERY agdn - .

x,y) =k X5¥5E,0)

070

and deformation for floor slab Mo. 1 is:
abd

CTRINSHCOJER I TP H

D

V(lh)(x,y) = K(lh)(x,y,a,n)
0’0

If we assume the functions as before, i.e.

w(7)(x,y) = Zcé') wn(x,y)

W (e,y) = ECﬁlh) v (x,¥)

we get:
(D
c (1d) (1 + __!‘-T_) Cn(T)
n £
(14) (7
W) _ a2 TER S
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By solving, we have:

S 3
n (1) (1h)
Yn n
R e I
. (7)
(1) g 0-=
1 . k "n "k
and ¢, ~ @) )

(1 + X (1 + —E-E—f) -1

Thus the additional deformation is known and addi-

tional moments can be determined.

The additional load on the formwork 1is:

P(o)(X,y) =0
p(Y)(x;y) = klw(T)(x,y) - w(lh)(x,Y)lA
(1)
7 " (x,7)
Tal R (1%) Vpt*a¥

Stage Fo.5 Day 21
Cesting of Slab L

1E ¥0. 5 -
STAG . 2 1 i 0 days
l
é 7 days
y th slab is cast ]
As shown, the fourth sla v é 14 days
at 21 days. By analogy with the above, ©¢ }l 21 days

e
-l e
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abd . .

w(T)(x,y) — wg’{)(x,y)—k K(T)(x,y,gh,n)]w(ﬂ(g (lh)(i

o) =w »n) | dEdn

ab .
w(lh)(x,y)=k[ [ K(lh)(x,yai,n)IV(7)(E,n)-2v(lh)(i,n)+w(zn(§,n)ldidn.
[N o)

ab
e o) ==kj { K(el)(qu,i,n)lﬁ(lh)(E,n)-w(zl)(i,n)ldidﬂ'
00 o

Assuming the similar functions, we have:

A = 10,7 w (e
v(lh)(x,y) = ECn(lh) v (x,¥)

W2 (x5 = ZCn(zl) v (x,5)

By substituting the ebove function we have:

(7)
Cn(T)(1 . Ynk ) - Cn( b)) _ % 5
(14) Yn(lh) (1) . . (21)
c.'m (2 S—) =C c,
(21)
and cn(21)(l ' n - ) ___—_Cn(lll-)
By solving these, we finally get:
o (21) % k,
R (7 L (21 Yn(m | Y—n(zu !
!1 + ‘(1 G )1t TR

o
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(21)

y
Cn(11&) -1+ nk ) Cn(21)
' (21) (1%)
: (21
and . Cn(T) = (1 ¢ IE—E——)(2.+ Ig—g——) al I

Thus the additional deformation is known and -

additional moments can be caleulated.

Now the additional load on the formwork is:

)

p(o)(x,y) =q
D) =6l M an) - v )|
. " Y(gl) Y(1h) l
(1+ 51+ ¢ ) -1 .
=q Z Y(T) (21) Y(lh) l Y(21)
e [ A B bl T
and : L322
P(lh)(x,y) = klw(lh)(x,Y) ) ()]
(21)
n A
P
= q] (1) (21 ()
T - i

n=1,3,5

.....
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Stage No.6 Day 22

STAGE X0. 6 Removal of Formvork 2

"1 da
I ¥
3 .8 days
The next stage takes place on the
o |15 deys
following day, when formwork YNo. 2 is re- 22 days
1

noved. Now the upward reaction due to this
formwork will vanish. By analogy with Stage No. b4, it can

be said that the system is subjected to a downward additiomal
load equal to the upward reaction ceused by form No. 2 in

Stage No. 5. Neglecting the‘gain in the modulus of elasticityl

during the preceding day, we have the additional loads as per

previous calculations:

p(lh)(x,y) = qZB% w (x,7)

n
where .
(). (D
# (1454 , - +—38,
T T N 6 )
(14 22+ =)L (1+ 2101 ¢ 21
.An(Zl)
K n |
¥ . (T) -~ (21) N2 —(21)
14+ = (1+—P-‘;{——-)(2+—n—k——)-1 N
nalogous

- g B
The followlng calculetlons are completely 2

. . . . +h 1 can be
1o those made in the Stage Lo- b, and the results

written directly.
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As before the assumed functions are:

D =160 v o)
w(lh)(x’y) = zcn(_lh) Wn(x,y)
By solving we get:
.
C (1) - X 3
n \ (7) \ (14)
(1 + nk M1+ nk —) - 1
(1)
A
. a ¥ ¢, n
o (18) _ 8, (14 )
n, , (1) , (4]
(1+2—1+ ) -1

k 4
Thus the additional geformetion is known and

additional moments can be calculated.

The additional load on the form is:

P an) - 0
, (1)
Ay
k n ; v
o D) _al ) () v, (x,¥)
(1 + —5 J(1 =) -1
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Stage No.T Day 28

STAGE NO. T Casting of Slabd 5

0 days
y
. T days
This stage is reached 28 days - H
« : 1k days
after the beginning of construction, B
’ 5 21 days
and corresponds to the casting of the r8 days
. o 1

5th slab.

This stage is completely analogous +to Stage No. 5
and consequently, the expressions for p(m)(x,y) and w(m)(x,y)

can generally be written in the form:

(m) _ (=) .
p B (x,y)= qfc, T v (k) | (1)
and n=121,3,5c0.-
() _ae, (m) .
v (x,y) = ELDn wn(A,y) | (2)
n=1,3,5--0-- '

.. . n) (m) .
where the coefficients of expansion Cn and Dn contalin
2, (m)

n
T and An only.

The formulae deduced above can .alsc de applied to

a strip of 2 slab or to a beamx. In that case ¥e have:

(m)
A : =E("‘")le‘

n n
and v_(x,y) should be replaced by the characteristic functions

of the beam wn(x).

icl £ 1 itt as
The coefficient OI compression k can Pe written

Pt verticel deformation of the formworx 2t a2

AE

unit load per unit form area-

vhere 3§ = z
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Simplified Expressions for Numerical Calculation

For beams, the expressions (1) and (2) above.can

pe written as:

n) 1,3,5.... (3)

p® (x) = ac,

wn(x) n
o2 (x) = g ™ 5 () o =1,3,5....  (h)

Simply Supported Beam

The normalized characteristic function can be

written as:

_ 42 qiponm . _y1 I '
v (x) =V a sin = x v/ " Un(k) (5)
where
U (x) =./2 8in 2T x (6)
n . a
= nm , = ’
Xy . Of X & = 07 (1)

By substituting (5) in (3), we get:

¢ (m)

P(m)(x) = q) 4 Un(x) | n=1,3,5.+-- (8)
Ya 4
Yow the moment acting on the beal is calculated from
ae w_ (x)
W@ ) = = 1 —F— (9)
dx
By substituting egs. (4) and (5) in eaq. (8), we get:
(n) 12
(m) D a°u_(x)
E n 2 = .. (10
M(m)(x) == -q - Z "2 n 1’3,5 ( )
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Thus we have

d2U (x) .
2 = xn2 ugn (x) (11)
dx . N .
 vhere ugn(x) = /2 8in ﬂ% X = —.Un(x) (12)

low by substituting eq. (11) in eq. (10), we get:

| (m) p(m) '
(™ (x) = g 2 ma L] (Xna)2 = V*n(X)' (13)
ka Ya '

n=1,3.5.....

The expressions (8) and (13) are the final expressions.
¢, (m) p,(m)

The mathematical form of the coefficients 7 and 7
a a

Ap(m) Ag .
and — only and can be deduced for different

k Va

types of formwork and slabs under given

comprise

rates of comstruction.
In accordance with the gefinition, we have:

, () =(=) 3 'xnh

n - — 1k
- - (14)
and
a
A =1 ¥ {(x) dx (15)
o}
3y substitubing eq. (5) in eg. (15), we get

Built-In Bean

- &

Expressions (8) and (13) are also applicable ©O
2 built-in beam.

The normalized characteristic synction can 0¢

wew o 4L
#rlvvens




= 1 '
v (x) =/ 3 U (x) | - an
vhere
Un(x) = |Cosh X, X = Cos x, ¥ - an(sinhxnx-sinxnx)[ (18)
and
X2
a = tanh —5— n=1,3,5... (19)

The value of Xp is obtained by the equation of frequency:
i 1 B ' (20)

i.e. Cosh X2 Cos Xpd =t

For the symmetrical characteristic function

o= - int in 2
U = Coshy x + Cosx;x a(sinny x + 51vxn$) (21)
A ha ,
Such that — = —= 4 (22)
X8 .
2 *n .

The maximum load ratlo obtained by Nielsen was 2766 on

slab 2 at Stage No. T.
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APPENDIX 3

calculation of Direct Load on Props (Shores)

Apartment Building at Altz Vista Drive, Ottawa

Assuming the weight of concrete = 150 1bs/cu.ft

8"

Thickness of the slab
So the weight of slab = 100 1bs/sq.ft
Referring to Figure 21, p. 42.
Divide the slab between the faur colﬁmns into the strips
parallel to AB and Qt right angle to AB,'énd whose.
central lines pass throggh the coluﬁns and propys, we havé:

Loed on Prop Fo. 1 = 100 x (3.5 x 3.5) = 1,225 1bs

Load on Prop No. 2 = 100 x (4.12 x 3.5) = 1,442 1bs

Load on Prop No. 3 <= £100) x (3.5 x 5) = 1,750 1bs

Load on Prop No. 4 =100 x (k.12 x 5) = 2,060 1bs

5 = 10C x (3.5 x 5) = 1,750 1bs

« (.12 x 5) = 2,060 1bs

Load on Prop No.

Load on. Prop No. 6 = 100

Load on Prop No. 7 = 100 (3.5 x 3.5) = 1,225 1bs

100 x (%.12 x 3.5) = 1,4k2 1bs

Lozd on Prop No. 8 =
Total Load = 12,95h 1bs
. 12,954 o .
So average load = ——g———-% 1,620 1bs

' x5 +he sladb
Total number of columns 2nd props supporting the .

(Interior) + 17 (Exterior)
(20.5 % 16.66) x 100

|13 + 5%1

under reference ~ 13

|

So average load On each prod

% 1,588 19s
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By Moment Distribution (see pp.109-112 )

3. Dividing the slab into the strips passing through columns

and props and parellel to direction AB.

See Fig. 21, Page 42 )

Then calculating the reactions by moment distributions

as shown on pp.109 - 112

Loed on Prop Nos. 1 or T

Load on Prop Nos. 2 or 8

Load on Prop Nos. 3 or 5

Load on Prop Nos. 4 or 6

Aversge load om 1 prop =

L. By approximate

I

- 883.97 1bs
1,04k.52 1bs
2,081.40 1bs

2,446.95 1bs

l§;2%§;§§ = 1,614.21 1bs

centre around the Drops

As shown shaded in Figure oli, p

Load on
Load on
Load.on
Load on
Load on

Load on

Average

Prop Fo. 1

Prop Nos. 2 oT 8

-

=%

o.l 3

P

Prop

Prop Nos. 4 or 6
Prop No. 5

Prop Fo. T

load on one Prop

i

i

(i

p.k2
1,225 1bs
1,400 1bs
2,275 1lbs
2,060 1b;.
2,625 1bs

1,425 1bs

léglig - 1,718.77 1bs
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350 x 5 1,007.19 _ _
R, = <53 - 5 875 - 202 = 673 1bs

(875 + 202) + (875 - (-1,007-1954- 360.29,

=2
[

=1,077 + (875 + 129.%0) = 2.,081.40 1bs

(350 ¥ 2 (-360.1h 3 783.h1)
225 -

R, = (875 - 129.k40) % 5
= 745.60 + 138.37 = 883.97 1bs

Ry = (350 + 211.63) + (875 - (:léééﬁ%-i-g) )
= 561.63 + (875 + 156.68) — 1,593.31 1bs

Rp = 875 + (31§3=3%—i—9) = 875 - 156.68 = 718.32 1bs
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M, + M

1 _
A2 L 2 = ;’133 = 1,030 - 236 = 794 1bs

A Wl _ b2 x5
Ry = (1,030 + 236) + (1,030 - (118200 ¢ h27.27)

= 1,266 + 1,180.95 = 2,446.95 ‘1bs

412 x 2 (-k27.13 & 920.20))
2 - 2

Ro = (1,030 - 150.95) + (

= 879.05 4 165.47 = 1,044.52 1bs

(-919.86 4—0))

R. = (412 4 246.53) + (1,030 - :

= 658.53 + 1,213.97 _ 1,872.50 1bs

R, = 1,030 + (g;gggg) 1,030 - 184.00 = 846.00 1bs
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Calculation of Direct Lozd on Pions (Reshores)

Apartment Building at Alta Vista Drive, Ottawa

Referring to Figure 22, page 43

Area of the slab shared dy either of tkhe Posts 1, 2, 3ork

=242 % 220 416 L (/5.102 4 1169

x 2.562 + 2.082)

= 10.63 + (6.6) x (3.3)

= 32,63 sq¢.ft.
Area of the slab shared by Post 5 = 6.6 x 6.6 = 43.50 sq.ft.

Average load of the slab shared by either of the Post

_ (L x 32.63 : 43.50) . 100 1bs

.h80 1bs

3,

Caleculation of Direct Load on Proos (Shores)

Place du Portage, Hull, Quebec

Referring to Figure 48 page 57

Area of the slab shared dy each post = b x 3 =12 sq.ft

Assuming the weight of concrete = 150 1bs/cu.ft

Thickness of the slab = g

- 8
So load taken by each post = 150 x 75 % 12 -

= 1,200 109s

\

Formwork (10%)
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4
=
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APPEXDIX 4

Measered lo2ds on the formwork deripg constrection of the

two flat-slab structures:

A.

tz Vistz Drive, Ottzwa

fud

Apartment Buildizmg a2t &

t level 7 o

1}

Lezd on the formwork ueder the siab

(44}
4
m
0
U
(]
n
(44
o
€]
®
[
b
.

level 13 - Figrres22? to Z

"place Pu Portage” iz Eull, Quebac

Lozds or the formwork pnéder the sliab at level 19 to

level 22 - Figures 48 =2 42




“SHORES (CALCUL ATED LOADS IN LBS)

PoSTS| © | | 2 (3|4 |5|6|7 8| [me

|25 400 [2275[20000025 aooo}moo 1400 4ma'

| FORM- WORK 10% OF SLAB LOAD TOTAL

OPER. SHORES (MEASURED LOADS IN LBS)
A7 | [405 [590 [p565]2240(2295 p270)1595 i620|  fisss
85 | 1120 275 [posolisz5 |i8s0 |isio [i285 /300 |  [is67
A8 | 3 [2240[2535 4100[3545(3700/3625 /2556 (2520 315
B-6 | 4 450 650 26753600400 23551675 1635 | foozs i
A-9 | 9 |825 l20753370}2985[3020/2970 [2100 [2075|  [2550] I

RESHORES (CALCULATED LOADS IN LBS)

POSTS 12 |3 |4 |5 |aE]|LR
3253 3263 |3263 |3263 - [4350 (3480
348

FORM-WORK 10% OF SLAB LOAD 5.0,

-rn-r

Al

1:00 |

RESHORES {MEASURED LOADS IN LBS)

TANAY

B-7 10| 470 | 450 | 435 | 515 | 620 | 498 | 03

Mo |11 liers |isss |i870 2160 [2800 |2098 | 055
B-8 |14 | 435 | 410 | 405 | 455 | 605 | 462 02
Al |23 |ioso [1010 [i005 |i100 I380 [IN5, | 029
8-9 o4 | 335 | 315 |305 |340 |405 | 340 0-09
A-12 og | 330 | 305 |305 |320 |470 1346 0-09
5-i0 |29 | 325 |30 |30 |35 |475 |347 | 009
A-13 31 | 290 ‘.280 og5 | 280 |400 |307 | 008

MEASUREMENT OF LOADS ON THE _FORM—WORK

UNDER THE SLAB AT LEVEL T.

 FI6. N0.22

APARTMENT BUILDING AT ALTA-VISTA DR.

OTTAWA,

i

Ui
SEA Q)
Skl

! ) ~‘--‘x‘ by

o7

ALY
FiAl




SHORES (CALCULATED LOADS IN LBS)

I 121314 (5|6 |78 AVE|LR,
[1225 {1400 [2275 {2000 |2025 120001400 1400  |ime
FORM-WORK 10% OF SLAB LOAD I2

_ TOTAL 1830 1-00 |-
TIVE SHORES { MEASURED LOADS IN LBS) é

O 1335 |1525{2475{2170 {2215 |2160 }I540 [I545 1870 [099

| 1150 {1310 |2120 {1870 [1S05 {1875 {1325 1295 léos 085 |

6 |2045|2320{3765 {3315 [3380[3325{2340[2310 5850 |51

7 |10s0 11200 1950 |I715 [1740(720 {210 {1185 1473 1078 |

8 {1930 {220035865 {3125 |3200{3140 [2200 2225 . 2698 |+43
RESHORES (CALCULATED LOADS IN LBS) |

! 2 3 | 4 5 |AVE. | L.R

3263 | 3263 (3283 3263 | 4350 } 3480

FORM-WORK 10% OF SLAB LOAD 348

TOTAL3828  1:00
RESHORES (MEASURED LOADS IN LBS) ’

8-8 Il |498 | 492 485 535 | 690 | 536 | o4 |
AN o0 {nso |117s |1ss |izso [1575 1265 033
B8-3 o1 | as5 | as0 | 445 | 5057 |.6l10 | 497" 013
A-12 25 | 685 | 665 | 655 705 | 930 |728, 049
310 |25 | 325 | 310 |320 | 345 | 420 |344 009
413 og | 325 | 315 | 315 |350 |425 | 346" 009

MEASUREMENT OF LOADS ON THE FORM-WORK
UNDER THE SLAB AT LEVEL 8 |
APARTMENT BUILDING AT ALTA-VISTA DR. OTTAWA.

FIG. NO.23
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~SHORES (CALCULATED LOADS N LBS)

POSTS ' |2 |3 |a |5 6|7 (8] |aeElLR
1225 {1400 2275 |2000{2025 |2000{1400 {1400 718
~ FORM-WORK 10% OF SLAB LOAD rory o oo
OPER._TIME. SHORES {MEASURED LOADS IN LBS)
A-9 O [1370 |1550|2525 |2200 [2260 2225 |I565 |I555 1908 | 1-01
1B-7 I {135 |iz70 |2060|1800 |i875 |1815 }i305 |1260 15651083
A0 2 [2635 |2615 |4i60 3750 {3825 [3545 |2660 2510 3213 |70
B-8 ‘5 |20 {1255 j2040{i790 1845 {1805 11275 {1240 1546 {082
A-l 14 |15 }l940|3135 2775 |2830|2785]1970 |1870 2378|126
RESHORES (CALCULATED LOADS IN LBS) .
POSTS | 2 | 3 | 4 5 |AVE. | L.R
3263 |3263 | 3263 |3263 |[4350 |3480 :
~ FORM-WORK 0% OF SLAB LOADTOTA@:Zg 00
RESHORES ( MEASURED LOADS IN LBS)
B-9 15 |575 570 | 565 585 . | 775 él4 015
A2 19 li4s55 |1430 I;I-IS' 1450 . | 1913 |{53'§ 0-40
B-10 og | 435 | 420 |405 470 |570 | 460 012
A3 22 1150 1100 |logo |riis |t1480 f1187 O3l

MEASUREMENT OF LOADS ON THE F ORM-WORK

UNDER THE SLAB AT LEVEL 9
APARTMENT BUILDING AT ALTA-VISTA DR OTTAWA.

FIG.NO24
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SHORES (CALC»ULATE.D LOADS IN LBS))

POSTS L 1213 |2 | 5|67 |8 |avelLr
1225 |1400 |2275 }2000{2025 | 2000140 0] 1400 718

FORM-WORK 10% OF SLAB LOAD TOTAL .QZ% 100

opER.  SHORES (MEASURED LOADS IN LBS) '
A-10 0 425 |1s0s |2610 [2300 |2350[2305)1645 {1570 1980|105 | -*
B-3 3 | 905 | 960 {1570 {1385 {1420}1390| 975|925 lis| 063 “:%
Al 12 li870 |2105 [3415 {3000 [3110 {3015 {2140 2055 [2589(137 :%i
B-9 13 |985 {1135 |1820 |1605 [i640 |1635 [1125 1070 | . 377073 |- %
A-12 17 l775[2005[3270|2880(2965 [28552060(1970 . 2475(131 ?‘*f:
RESHORES (CALCULATED LOADS IN LBS) E‘f
POSTS i |2 |3 | 4 | 5 |AE| LR «1‘”
3263 (3263 | 3263 {3263 |4350 [ 3480 . :j;;

348

FORM-WORK 10% OF SLAB LOAD ., 58 ~

RESHORES (MEASURED LOADS -iN LBS)

B-i0 I8 610 | 595 | 605 620 | 820 | 650 | 017

2685 [2105 055

e
L
e
77"}3);
st
-
G
Cx
=%
(=
£
e
e
e
-
P
pEL=gh
e

Y
b

A3 120 l1e75 |io15 [1935 2015

MEASUREMENT OF LOADS ON THE FORM-WORK
UNDER THE SLAB AT LEVEL 10°

APARTMENT BUILDING AT ALTA-VISTA DR. OTTAWA

F16: NO- 25
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SHORES (CALCULATED LOADS IN LBS)

i il S sl G

POSTS | |23 |4 |56 |7 |8 AVE| LR,

1225 1400 }2275]2000 j2025.12000 1400}1400 718 |

FORMMORK 10 0% TRAB L% rory 1sop g <

OPER TiME SHORES UNDER THE SLAB AT LEVEL Il 0
A-ll o |1385 {1535 {2515 |2240{2315 [2205{1600 [I605| 1925 102 J
B-9 {15 [1260]2040]1805 |1850 |1795 |iz65Ii60 | 1i550 062 “
A-12 - 5 12230{2470{4025]3515|3710|3565|2540[2425 3060|162 :
B-10 6 [i330{1460]2390]2i10012185 2.1,'05 1510 {1435 1814 {096 jj
A3 8 [2155|2445/58803220[3555(34502515 |2335 2969|157 ;

SHORES UNDER THE SLAB AT LEVEL 12

A-12 o la2slisoolzs9s|22752340(2285]I630(1550 | |1965[t04 | =
B-10 I {1100 |1235 [2020(17601835 |I755]1280]i225 1526{081 |
A3 3 |22152575[40803565 3715 [3600[2615 [2395] ' |3095164 £

SHORES UNDER THE SLAB AT LEVEL I3

oy

A3 0 345 565 |2535|2215|22802200{1595 1495 |~ [1905 |I-OI

MEASUREMENT OF LOADS ON  THE FORM-WORK

UNDER THE SLABS AT LEVELS I, 12 & 13

APARTMENT BUILDING AT ALTA-VISTA DR .OTTAWA

FIG NO 26
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SHORES (CALCULATED LOADS IN LBS) | =
POSTS {1213 lals]s |7 |89 |avelr| [
| 1200 [120011200}1200}1200 {1200 1200 11200(1200{1200 |
FORM-WORK 10% OF THE SLAB LOAD, P

| TOTAL 1320 10O

OPER TIME " MEASURED LOADS ON SHORES N LBS.

A-19 | O 1305 1265 |1280{1325 |1370 13201280 {1285 }1325 1310 j089 | 2

B-i7 3 {1070]1020{1095 1125 {1165 {1115 Ji090 [1095{1085 1095083 |

A-20 8 |(1810}1875{1890 1965 |2245(1985 |1930(1890{1990 l953_'l'48

8-18 il ln2s o5 |it1o |1230(1i85 Ji275 i1oo 1165 1160|1162 088

A-2} 14 - }1430 |1485 {1450 [1495 {1530 }iSIS 1480 {14 951430 |1478 [F12 .

MEASUREMENT OF LOADS ON THE FORM-WORK

UNDER THE SLAB AT LEVEL 19

PLACE DU PORTAGE, HULL, QUEBEC.

FIG. NO. 48"




SHORES (CALCULATED

-'1'25_ -

LOADS IN LBS)

POSTS i 203 e |5 |6 |7 |8 |9 |WELR
12001200 |1200 1200 |1200 |1200 1200{1200 |1200 [1200
FORVM-WORK 10% OF THE SLAB LOAD. 120
{MEASURED LOADSIN LBS) | TOTAL 1320 +0O
OPER. T SHORES UNDER THE SLAB AT LEVEL 20 |
A-20° | O 310 |i305 {1330}1405 |i385 {1335 12951275 1360 |1335 Lol
B-18 3 lloto |1030 |1065 1125 |i165 11050}i015 1030 905 [1045 {079
a2 ‘6 1.875 18901905 1545 2035 {192011910 |1890 1730 1900 1'44
B9 - 49 1100 {1130 {1105 1165 {1230 {1135 ll40 it5 980»1125 0-85
A-22 12 1425 1470 1455{1465 {1510 {1505 145 511485 {1425 |1466 i-H
SHORES UNDER THE SLAB AT LEVEL 2l
A-21 0 1325 11300}1310 {1385 1375 1405 {1350 {1300}1355 1345 1-02
B-1S 3 990 980Ji015 |1085 |H OO 1030}1015 | 995] 940 ois [0-77
A-22 6 1865|1880 1925 11995]|2070(1935 1925 11895 |1740 l9!4 45
SHORES UNDER THE SLAB AT LEVEL 22
A-22 0 liz20 lize0 1305|1370 1400 11410 1335 1310 {1550(1343 |I-02

MEASUREMENT O
UNDER THE SLABS AT LEVELS

PLACE DU PORTAGE, HULL.

FIG. NO.43

QUEBEC:

F- LOADS ON THE FORM-WORK
20, 21-8 22
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APPENDIX 5

Graphical representation of the load ratio (actual and
;heoretical) apply to adjacent components (slabs and shores-

reshores):

A, Apartmént Building at Alta Vista Drive, Ottawa

1) For slabs see Figures 32. to 37

2) TFor shores-reshores see Figures 38 to43.

B. "Place Du Portage" in Hull, Quebec

1) For slabs see Figures 53 to 55

2) TFor shores see Figures 56 to 58
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APPENDIX . 7
PLAN OF THE TYPICAL FLOOR 0? THE APARTMENT
BUILDING AT ALTA VISTA DRIVE, OTTAWA
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